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SECOND DECLARATION OF LISA A. NEUHOLD, Ph.D., 
UNDER 37 C.F.R. § 1.132 

Honorable Commissioner of 

Patents and Trademarks 
Washington, D.C. 20231 

LISA A. NEUHOLD, Ph.D., declares and states that: 

1 . I am a co-inventor of the above-identified patent application. 

2. I presently hold a position as Senior Research Scientist I, Molecular 
Genetics, for Wyeth-Ayerst Research, Andover, Massachusetts, which is a division of American 
Home Products Corporation, assignee of this application and the invention. 



3. My qualifications as a scientist are set forth on the copy of my curriculum 
vilae which is attached as Exhibit A to the Declaration of Lisa A. Neuhold, Ph.D. Under 37 
C.F.R. § 1.132 filed April 6, 1999. 

. 4. I have read and am familiar with the Office Action dated March 1 , 2000. I 
understand that claims 1 . 2, 4-9, 1 1 , 1 2, 1 5-1 7, and 22-28 have been rejected for lack of 
enablement. It is my understanding that the Examiner believes that the specification does not 
teach how to make transgenics in any other species other than mice and that the teachings of this 
application fail to provide a correlation between the effects of mutations in MMP, specifically 
MMP13, and cartilage-related diseases. The following data, which have been obtained in 
accordance with the teachings of this application, further demonstrate that the transgenic animal 
model of the invention is an effective animal model that mimics human osteoarthritis, also called 
degenerative joint disease, and related pathological syndromes; that regulated expression of an 
extracellular matrix degrading enzyme under control of inducible promoters and chondrocyte 
specific promoters functional in a number of different mammalian cells yield transgenic animals 
with the claimed phenotype after essential stages of development. 

5. I participated in the interview at the Patent and Trademark Office on May 
1 7, 2000, during which we discussed issues of enablement of creation of transgenic animals in 
accordance with this invention, including the criteria for an animal model of osteoarthritis, 
features of various inducible expression systems, generality of tissue-specific expression systems, 
generality of extracellular matrix degrading enzymes for damaging the joint extracellular matrix 
to induce the phenotypic changes characteristic of osteoarthritis, the relative ease in preparing 



-2- 



transgenic animals and thus of copying the invention without directly copying the exemplified 
embodiments, and that the phenotype of two lines of transgenic animals we have created in 
accordance with the invention correspond to the phenotypic characteristics of osteoarthritis. 

6. As discussed during the interview, a number of expression systems are 
available that permit inducible expression in transgenic animals. These include the ecdysone 
inducible system, the RU 486 inducible system, reversed tetracycline inducible system (in which 
expression occurs in the presence of the tetracycline compound), and the tetracycline repressive 
system as exemplified in the application (in which expression occurs in the absence of the 
tetracycline compound). These systems are summarized in the context of the present invention 
(i.e., expression of MMP-13 as the extracellular matrix degrading enzyme under control of the 
inducible promoter, and expression of the inducible promoter under tissue specific control of the 
collagen II promoter) in Tab 1. Thus, a researcher who wished to make a transgenic animal of 
the invention would have a any number of of inducible expression systems to choose from. 
Furthermore, as discussed at the interview, these inducible systems are fungible. Nothing about 
the particular inducible expression system, other than that it is inducible, makes a difference in 
generation of the transgenic animals. 

7. We also discussed tissue-specific expression. The examiner seems to be 
of the opinion that only a collagenase II promoter will permit tissue-specific expression. While 
expression in chondrocytes under control of a chondrocyte tissue-specific promoter ensures that 
the effects of the extracellular matrix degrading enzyme are localized to joints, and thus that the 
phenotype the animals develop represents a localized joint pathology, the identity of the tissue- 



specific promoter is not important. The type II collagen promoter is a well known and thus 
logical, but by no means essential choice. Other chondrocyte-specific promoters can be 
substituted for it. As set forth in the memo attached at Tab 2, the CD-RAP/MIA gene promoter 
is one such substitute for the type II collagen promoter. Other chondrocyte-specific genes, 
whether known now or discovered in the future, similarly can be used for tissue-specific 
expression of the transcriptional regulator polypeptide, as any ordinary skilled molecular 
biologist would know. This reflects the generally understood principle that tissue-specific 
expression control sequences are well suited for expression of transgenes as well as the 
endogenous gene (see, for example, the paper attached to the Preliminary Amendment filed by 
hand, Tab E). Nothing about the transgenic animals that we have generated, or based on the 
examiner's contentions in the Office Action, contradicts this conclusion. 

8. We discussed whether the transgenic animals must employ the 
constitutive^ active matrix metalloproteinase 13 (MMP-1 3), or if other matrix 
metalloproteinases can be used. We discussed that collagen degradation, and particularly 
collagen II degradation, is a feature of osteoarthritis. In addition to MMP-13, MMPs 1 and 8 also 
specifically degrade collagen II, and thus will certainly be effective in transgenic animal models 
of this disease. MMP-1 has been expressed in transgenic animal models (though not in a 
chondrocyte tissue-specific manner), as summarized on the slide attached at Tab 3, which was 
presented at the interview . Furthermore, although a constitutively active MMP-1 3 enzyme was 
employed in the examples, in other transgenic systems wild-type MMPs were also effective. 
MMPs are typically activated by endogenous proteases. Furthermore, as set forth in Table 1 of 
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the patent application (at pages 2-3), there are a large number of other matrix degrading enzymes 
capable of destroying the extracellular matrix components of joint tissue. Thus, any 
enzymatically active extracellular matrix degrading enzyme, and particularly those that degrade 
type II collagen, can be used to generate transgenic animals that demonstrate phenotypic 
characteristics of osteoarthritis. Nothing about the transgenic animals that we have generated, or 
based on the examiner's contentions in the Office Action, contradicts this conclusion. 

9. Having thus discussed the components for creating a transgenic animal 
that demonstrates a phenotypic change characteristic of osteoarthritis during the interview, we 
next discussed that actually generating transgenic animals having these features is routine as of 
the time we made our invention. Any ordinary molecular biologist would have no trouble 
creating another mammal, particularly a rat, engineered to express an extracellular matrix 
degrading enzyme, particularly a type II collagen degrading enzyme, in a joint specific manner 
and under control of an inducible promoter. As further evidence of this fact, attached at Tab 4 is 
a copy of a paper by Bradley and Liu (Nature Genetics 1996, 14:121). This paper states (page 
121, emphasis added): 

For almost 15 years the methods for making transgenic mammals 
have remained virtually unchanged, consisting of the injection of 
naked DNA into the pronucleus of a fertilized egg. The technique 
is so reliable that the technical shortcominngs can readily be 
circumvented by producing an excess of experimental material so 
that animals with the desired experimental coutcome can be 
selected from a collection of founder mice . 

In short, contrary to the examiner's assertions, as of 1996 creation of transgenic mammals 

required no more than ordinary technical efforts - indeed, technical efforts with shortcomings 
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that are readily overcome. Bradley and Liu further discuss how expressing a transgene in 
embryonic stem (ES) cells provides an efficient and alternative genetic vehicle for transgene 
expression, especially for more complex transgenic constructs such as gene knockouts, creating 
chimeras with a dominant lethal phenotype, or for creating conditional mutants (page 122). 
Based on statements like these, it is clear to me that limiting our invention to transgenic mice 
based on the state of the art dramatically underestimates the actual state of the art. At the time 
we made our invention, making a transgenic animal was routine. 

10. Given all of these features - regulatable and tissue-specific gene 
expression in transgenic animals, a variety of extracellular matrix degrading enzymes, 
particularly type II collagenase degrading enzymes, from which to choose, and acknowledgment 
of creation of transgenic animals as routine as early as 1996 (and, among researchers in the field, 
a whole lot earlier) - the only uncertainty remaining was to establish that this combination of 
features would cause phenotypic changes of osteoarthritis in a transgenic animal. These features 
are set forth on the slide attached at Tab 5, which was presented at the interview. Furthermore, 
as discussed at the interview, transgenic animals that have these features develop phenotypes of 
osteoarthritis, including changes in articular cartilage surface, cloning and disorganization of 
chondrocytes, osteophyte formation, synovial hyperplasia, and thickened subcondral bone (Tab 
6). These features were found in two different transgenic lines that expressed MMP13* 
(constitutively active MMP13), Line 6 and Line 99, as demonstrated by Safranin O and H&E 
staining (Tab 6). 1 

1 Tet-regulated synthetic MMP13 genes and expression constructs were prepared and 
tested as described in Examples 1-5 (pages 33-44 of the Specification; my first Rule 132 



1 1 . The unique combination of technologies described in the Specification 
(see, e.g., page 16, lines 7-13), i.e., regulatable.gene expression system and chondrocyte specific 
expression of a constitutively active extracellular matrix degrading enzyme, particularly a type II 
collagen degrading enzyme, has enabled development of a transgenic model resulting in lesion 
formation and other osteoarthritis pathologies (Tab 8). Lines 6 and 99, which expressed 
significant amounts of hM MP 13*, showed osteoarthritis pathologies including lesion formation, 
cartilage degradation, and an inflamed synovium after induction of transgene expression (Tab 8). 
The crude models of joint degradation employed previously to establish animal models of 
osteoarthritis, including inbred mouse and guinea pig strains and ligament transection models 
(Tab 9, which was presented at the interview) further establish that this system, with well defined 
parameters of regulated expression of an extracellular matrix degrading enzyme in joint tissue, is 
enabled. In other words, if surgical or biochemical transection worked, there is a more than 
reasonable expectation after establishing the experimental data we have reported in mice that any 
transgenic mammal of the invention will work even better. Nothing about the transgenic animals 
that we have generated, or based on the examiner's contentions in the Office Action, contradicts 
this conclusion. 

12. I further declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true; and further 
that these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 



Declaration at paragraphs 5 and 8-11). 
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United States code and thai such willful false statements may jeopardize the validity of the 
application or any patent issued thereupon. 



, (1 




LISA A. NEUHOLD, Ph.D. 



Dated: Andover, Massachusetts 

<;- (/>^ G o 2000 
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UNDER C.F.R. § 1.132 



Honorable Commissioner of 

Patents and Trademarks 
Washington, D.C. 20231 



LISA A. NEUHOLD, Ph.D., declares and states that: 

1 . I am a co-inventor of the above-identified patent application. 

2. I presently hold a position as Senior Research Scientist I, Molecular 
Genetics, for Wyeth-Aycrst Research, Princeton, New Jersey, which is a division of American 
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Home Products Corporation, assignee of this appUcation and the invention. 

3. My qualifications as a scientist are set forth on the copy of my curriculum 

vilae which is attached as Exhibit A. 

4. I have read and am familiar with the Office Action dated November 6, 

1998. I understand declaims 1-17 an^^ 11 is 

my understanding that the Examiner believes that the specification does not teach how to make 
transgenics in any other species other than mice and that the teachings of this application fail to 
provide a correlation between the effects of mutations in MMP, specifically MMP13 ? and 
caitilage-related diseases. The following data, which have been obtained in accordance with the 
teachings of this application, further demonstrate that the transgenic animal model of the 
invention is an effective animal model that mimics human osteoarthritis and related pathological 
syndromes and that the promoters utilized arc chondrocyte specific and functional in a number of 

different mammalian cells. 

5. Tet-regulated synthetic MMP13 genes and expression constructs were 

prepared and tested as described in Examples 1 and 2 (pages 33-38 of the Specification). 

6. In addition to verifying the MMP 13* activity, prior to microinjection, both 
transgene cons tructs in Examples 1 and 2 of the specification were tested in primary bovine 
chondrocytes, primary chick chondrocytes, mouse embryonic fibroblasts and HeLa cells. The 
constructs were not expressed in either the mouse fibroblast or HcLa cells and showed strong 
expression in both the bovine and chick chondrocytes (data not shown). The results demonstrate 
the ability of this rat collagen II promoter to induce expression of a second construct containing 
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cither the TetO'Muciferase or the Tet07-MMP13* in a broad range of chondrocytes. The rat 
promoter is expected to be active in mammalian rat chondrocytes, is shown to be active in both 
mammalian bovine chondrocytes and avian chick chondrocytes. In addition, the data described 
in the specification and below demonstrates its strong activity in mammalian mouse 
chondrocytes. Thus, the constructs of the invention arc specifically active in both mammalian 
and avian chondrocytes and are thus shown to be useful in the generation of the non-human 
mammalian transgenic animals of the invention. 

7. Exhibit B, which corresponds to Figure 3 in the application, dramatically 
demonstrates tissue-restricted expression of a tnmsgene under control of a regulatory system for 
use in the invention. Exhibit B-A is a diagram of the construct, in which the rat type II collagen 
promoter drives expression of Lact, which is followed by a HUbm *&* «** * 
polyadenylation signal. Exhibit B-B is a photographic illustration corresponding to Figure 3B in 

the application of 16 
transgenic mouse embryos expressing the tnmsgene (see Figure 3 A in the application). Blue 
staining is evident in the joints throughout the body of the transgenic animal, while no staining is 
observed in the non-transgenic, wild-type uttennate. Specifically, joints including the ankles, 
knees, hips, phalanges, wrists, elbows, shoulders, and vertebrae. In addition to the cartilage of 
the joints, cartilage that has not ossified to bone at this stage of development, I e. , some of the 
facial, skull, and rib bones also stained blue. These data confirm the expression abilities of the 
type II collagen promoter, and are useful in determining those tissues (joints) that will be 
expressing our MMP13* tnmsgene. Exhibit B-C shows an enlargement of the elbow and paw 
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(this figure corresponds to Figure 3C in the application). These color figures are provided to 
clearly demonstrate that transgene expression in this regulated system is limited to the joint, and 
accordingly is highly relevant to osteoarthritis. Color images demonstrate these data effectively 
and dramatically. 

8. The constructs were co-microinjectcd into fertilized mouse embryos (sec 
Example 3, pages 38-39 of the Specification). Out of 112 newborn mice, 7 transgenic founders 
harboring both transgencs Avert: identified, however, only four of these transgenic lines were 
capable of breeding. The transgenes were identified by PGR and verified by Southern blot 
analysis using a transgene-specific probe (datanot shown). The copy number for each of the 4 
transgenics was further assessed using Taqman quantitative PCR (data not shown). Briefly, 
transgene copy number ranged from 1 -32 and 1-20 for the tet activator and MMP1 3*, 
respectively. Specifically, line 6 contained -8 copies of the tet activator and ~3 copies of the 
MMP13* transgene. The remainder of the data in this Declaration focuses on the expression 
analysis ofline6. 

9. Expression of the TA and MMP13* transgenes were initially evaluated in 
the hind-knee joints of four-month old mice by PCR (see Example 3, pages 38-39 of the 
Specification). Amplification of the c-fos endogenous cDNA was used as a control to verify the 
efficacy of each reaction. Exhibit C A shows amplification of an 890 bp fragment resulting from 
a TA specific primer set Reverse Trar^criptase-PCR (RT-PCR) showed the TA transgene to be 
expressed in transgenic mice both on and off Dox, but was not expressed in the non-transgenic 
controls (lanes 4-5). The method used for RT-PCR is described in the specification at page 42, 

A- 
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li„cs 2-6 m Sample 5. Constitutive expression oftheTA fa expected since ftUdriven by a 
consume., active eollagen type 11 promoter. Moreover. expre»ion of to T A is unused toto 
joints and was not observed by RT-PCR in other tissues including brain, heart, Bver, kidney, 
spleen, or skeletal muscle (data not shown). 

10. ExhibitC-BshowsampUficatioaofaW 
MMP1 3- specific primer set. Note, the MMP13* primer set is specific for human MMP13 and 
doesnotreactwithi.'sendogenousrnousehomolo.n.e.eollagenase-l. RT-PCR showed fta, 
MMP13* was no. expressed in the non-transgenic controls (lanes 4-5). Lanes 6-7 show tot 
there is expression of the MMP13* transgene in mice maintained on Dox. Removal of Dox from 
^edrin^^inducesasignificantamountof session (lanes 8-9). We have estunated, he 
^essedamou^tmst^sgcnicmouseb^^^ 

This induction was estimated using RT-PCR and titrating the amount of MMP13* cDNA. 
MHtDsho^taanmUr.rfonof™ 

» obtain to same level of signal from 0.5 ul ofcDNA made from a trangenic off Dox. 
Furthermore, following gel electrophoresis, PCR fragments were trained to a nylon 
membrane and hybridized to aTA or MMP13* specific probe to verify the identity of to PCR 

product (data not shown). 

1 1 . To access any changes in the articular cartilage due to transgene 

cxp^ion,mic^ 

were sectioned and stained with hematoxylin and eosin (H&E) (see page 19, lines 4-6 of the 
Specification), men compared with an age matched Uttermate control^e transgenic removed 
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tail Dox developed a pathology reminiscent of osteoarthritis (Exhibit E-B). The control animal 
showed no lesions or other osteoarthritis pathologies (Exhibit E-A), whereas the transgenic 
animal shows the formation of lesions in its articular cartilage (Exhibit E-B). More specifically, 
the H&E sections show considerable loss of cartilage, focal erosions, erosions that extend into 
the bone, and an inflamed synovium. Within the synovium there is evidence of fibroid necrosis, 
metaplasia, and synovial cell hyperplasia. In addition to these symptoms of osteoarthritis, some 
changes observed are more characteristic of rheumatoid arthritis. These changes include 
oncogenesis, as seen by an infiltration of red blood cells, monocytes, and macrophages: Exhibit 
E-C and E-D show the synovium at a higher magnification. 

12. Tetracycline and their analogues are known inhibitors of MMP activity. 
As a result, we compared the serum levels of Dox when 1 mg/ml was added to the drink i„ 8 water 
andthcmv^IC^. In a MCA fluorescent assay the TC M equals 59.1 uM, whereas the serum 
levels measured 2.64 uM using a zone of inhibition assay. These data show that the amount of 
Dox in the serum is 22.4 fold below the level at which 50% of MJMP activity could be inhibited. 
Thus, it is unlikely that thereis a significant inhibition due to the Dox. 

13. The unique combination of technologies described in the Specification 
(see, e.g. t page 1.6, lines 7-13), U., tetracycline regulatable gene expression system and 
chondrocyte specific expression of a constitutive^ active MMP protein, has enabled 
development of a transgenic model resulting in lesion formation and other osteoarthritis 
pathologies. Line 6, which expressed significant amount, of hMMP13*, showed osteoarthntis 
pathologies including lesion formation, cartilage degradation, and an inflamed synovium after 
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five months ofFDox. 

14. As observed in the line 6 transgenic, the joint destrucuon/erosion, lesions, 

fibroid necrosis, metaplasia, synovial cell hyperplasia and aa inflamed synovium (in the absence 
of T-cells) axe among pathologies observed inpatients with osteoarthritis. However, not all of 
the pathologies observed in the transgenics are reminiscent of osteoarthritis. For example, 
angiogenesis and infitaation of monocytes and macrophages are pathologies observed during the 
inflammation process associated with rheumatoid arthritis. Note, the absence of neutrophils in 
the synovial fluid. Migration of neutrophils to the site of inflammation is a hallmark pathology 

of rheumatoid arthritis. 

15. These data provide direct evidence that MMP13 is a critical player in the 

development of osteoarthritis. Moreover, the transgenics of this invention clearly provide an 
animal model to test the efficacy of therapeutics. Compounds that modulate the activity of 
MMP13 or inhibit progression of osteoarthritis can be monitored by determining lesion 
formation and other osteoarthritis pathologies at various times during the progression of the 
disease. Finally, the feet that the rat collagen II promoter drives expression in chick 
chondrocytes, bovine chondrocytes and transgenic monse jomts, combined with the fact that 
there is no expression from this promoter in either mouse embryonic fibroblasts or HeLa cells, 
demonstrates that the promoters of the invention can be used for expression in a tissue specific 
manner in a number of different mammalian chondrocytes (and even in avian chondrocytes) in 
the generation of the transgenic non-human mammals of the invention. 

16. I farther declare that all statements made herein of my own knowledge are 
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true and that oil statements made on infonnation and beUcfatcbcUcved to be true; and further 
tb* these statements were made with the ^owledge tr^t willful false statements and the 1^ 
m ade are punishable by fine or imprisonment, or both, under Section 1001 of Title 1 8 of the 
United States code and that such willful false statements may jeopadize the validity of the 
application or any patent issued thereupon. 



LISA A. NEUHOL'D, Ph.D. 



Dated: Princeton, New Jersey 

- 1999 
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Abstract 

The notion of directly introducing new genes or otherwise directly manipulating the 
genotype of an animal is conceptually straightforward and appealing because of the 
speed and precision with which phenotypic changes could be made. Thus, it is of 
little wonder that the imagination of many an animal scientist has been captivated 
by the success others have achieved by introducing foreign Renos into mice. The 
private sector has embraced t:an.s 0 jmc livestock technology rcsuitm^ in the 
formation of two new industries. However, before transgenic farm animals become 
a common component of the livestock production industry, a number of formidable 
hurdles must be overcome. In this brief communication, the technical challenges 
are enumerated and possible solutions are discussed. 

Key words: transgenic livestock, gene transfer, microinjection 



Introduction 

The definition of transgenic animals is evolving. For the purpose'of this paper 
a transgenic animal is one containing recombinant DNA molecules in its genome 
that were introduced by intentional human intervention. In this n view I will focus 
on animals in which transgenes were introduced into preimplantation embryos by 
pronuclear microinjection, with the intended consequence of producing germline 
transgenics as opposed to somatic cell transgenics. Though there are other means of 
introducing genes into preimplantation embryos (20,29), pronuclear microinjection, 
basically as originally described by Jon Gordon (25), and as modified for livestock in 
"oii? laboraton^te), is still the predonrnant me.thod employed. " 
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A Medline search reveals that over 6.003 scientific articles have been 
published in which transgenic annals (most* once ^^^tivesS " 

applications closely parallel the long term objectives of animal agnculture. 

In theory, transgenic technology provides a mechanism by ^jch 
economically important traits can be attained more 

breeding without concern of propagating associated, possibly unde ^le ge net c 
characteristics If genetic precision and speed of improvement were the only 

Bremd-s paper in these proceedings and will not be dealt w.th here. 

Transgenic Livestock Projects 

For the sake of brevity, only a very brief summary of the 37 gene constructs 
that ha^e been te ted in l.Ustock" will be reported here. The reader is referred to 
Jwo excellent rev.e,s that list those instructs and their consequences U^3,. - 

TheTragfen* - ■ ^ - ig derived from the introduction^of 

genetic LVrTatlon with ne'w functionality. The strategy ^^^^ 
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as the structural component of the transgene). -For example, in the first transgenic 
livestock experiment (28) we wanted to .ncrease the levels of circulating growth 
hormone in a controlled manner. The gene construct used to accomplish this 
consisted of the regulatory element of a metallothionein (MT) gene fused to the 
coding sequence for growth hormone (GH). Metallothionein is an inducible liver 
enzyme, and its gene is usually quiescent (turned off) until a threshold level of 
|| circulating zinc or cadmium triggers transcription. Therefore, it was expected that 
T| the MT-GH fusion gene would be silent until the animals were fed zinc. In those 

experiments GH expression could be inducted but, in most cases, the transgene^ 
could not be turned off completely. New more complex inducible approaches are novv**^ 
being tested (23,26). These new systems rely on tetracycline or its analogs to 
activate or repress transgene expression. It is too early to know if these strategies 
in their current form, will be more tightly regulated then the MT system. However, 
if they are not, the general paradigm on which the new systems are based wili 
probably lead to ^proved inducible systems 

, . ; Led Tm^genic Projects. 

The vast majority of original research reports have focused on growth 
enhancement. Growth hormone (GH) was the structural gene employed ir 13 of 
those publications and the gene for growth hormone releasing factor in four. Other 
structural genes tested include. IGF-1, cSKI and an estrogen receptor. The 
regulatory elements derived from MT genes, from various species, were most 
frequently used appearing in nine of the growth-related fusion genes. Long 
terminal repeats (LTR) from two retroviruses. MLV and RSV. and sequence from 
CMV, a DNA virus, served as regulatory components of transgencs. as have the 
promoters from albumin, prolactin. skeletal actin, transferrin and 
phosphoenolpyruvate carboxylase (PEPCK) genes. All but two of :>! growth 
constructs were tested in pigs and the most striking phenotypes resulted from the 
use of MT-GH fusion genes (53). 

Seven transgenes designed to enhance disease resistance and to produce 
immunologically-related molecules have been introduced into pigs and sheep 
(5.13,41,67). Though desirable expression patterns have been reported in-several of 
the projects, none of the sjtudies has progressed to the point of demonstrating a 
^ be rjgficiaj^ effect of tratjsgene products. : . * - 

Very recently it has been reported that transgenic sheep with enhanced wool 
production characteristics have been produced (9). The results are quite promising; 
if no. unforeseen anomalies occur, transgen'cally produced wool maybe the first 
marketed liveaLock^product . - - ^ 

Biomedical Transgenic Projects. 

Other proposed transgenic farm animal applications are decidedly non- 
agricultural in nature One of the first transgenic animal companies demonstrated 
the feasibility of producing new animal products by manufacturme human 
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hemoglobin in pigs, to serve as a principal component of a human blood subsu u, 
(59). Human antibodies have also been produced in transgenic mice (G2). Anotnei 
area where transgenic animals, especially pigs, will have a significant impact cm 
society will be in the development of human genetic disease models. To date, genetic 
disease models have been generated in mice for atherosclerosis (6). sickle cell 
anemia (18). Alzheimer's disease (21). autoimmune diseases (44). lymphopoiesis 
(33). dermitit.s (55). and prostate cancer (Gl). These models for the most part 
require "knocking out" the function of a gene or replacing an existing gene with a 
mutant form. Manv of these models will have to be replicated in farm animals to be 
useful. Unfortunately, the stem cell technology required to generate most or the 
disease models is still in development for livestock (31). 

Finally, a new use not reported in the above mentioned reviews deserves 
note. The objective of this new endeavor is to genetically engineer animals, 
primarily pigs, so that their organs can be used as xenografts for humanv 
Preliminary studies to test the concept have been performed in mice (40.42) and 
transgenic pigs have now been produced (19.54). Though several strate K ies art- 
being explored, the geneial approach has been to block activation of complement 
which is normally part of the acute transplantation rejection response. These 
organs are intended for temporary use. until an appropriate human organ becomes 
available. However, as the technology develops, a driving force will be the design ot 
transgenic organs for extended use or permanent transplantation 

Characteristics of transgenic animals 

•^Transgenic livestock project^ar^ costly^ primarily because the- process i>- 
•inefficient 'Production costs range from $25,000 for a single founder pig to over 
$506,000 for a sinele functional founder calf (64). The calculation for cattle w.-i- 
based on obtaining zygotes bv superovulation of embryo donors, the normal praci iov 
for all mammalian species. However, the costs are reduced by as much as a third it 
oocytes derived from ovaries collected at slaughter are the starting material. 1 h? 
remainder of this review will be devoted to characterizing the transgenic anim.il 
model, to identify- points in the process that reduce efficiency, and finally discussinc 
possible approaches that have been proposed to overcome major hurdles to progress. 

Transgene Integration. 

5ven-*hough several hundred copies of a transgene are microinjectod any 
transgene that becomes incorporated in.o the genome generally does so at a single 
location. Exceptions are rare (58). Thus, transgenic founder animals are hemizygous 
for transgenes. It is also common for a transgene locus to contain multiple copies o I 
the transgener arranged in a head to-tail array. These two characteristics of 
transgene loci should^wde -clues to the mechanism by which transwnos 
integrate. So far. few researchers have formulated compelling hypotheses to explain 
the event (2.47) and the hypotheses that have been proposed remain unustort 
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Without knowledge of the molecular mechanism it is gomg to be extremely difficult 
to devise approaches to make tr^nsg^ne integration more efficient. 

Transgene integration efficiency is low and ranges from about 1% in farm 
animals (cattle, sheep and pigs) to about 3% in laboratory animals (mice, rabbits 
and rats, Table 1). 



Table 1. Examples of embryo survival and transgene integration efficiencies from 
several laboratories. 

Transgenic animals produced 





Injected & 








Per embryo 






transferred 






Per 


injected & 




Species 


embryos 


Studies* 


Offspring* 1 


Offspring 


transferred 






(No.) 


(No.) 


(No.) 


(%) 


(%) 


Refs. 


Mice 


12,314 


!8 


1847 


17.3 


2.6 


(63) . 


Rabbits 


1.907 


1 


218 


12.8 


1.5 


(28) 


Rat 


1.403 


5 


353 


17.6 


4.4 


(45) 


Cattle c 


1,018 


7 


193 


3.6 


0.7 


(30) 


Pigs 


19.397 


20 


1920 


9.2 


0.9 


(53) 


Sheep 


5,424 


10 


556 


8.3 


0.9 


(53) 



• Number of experiments, which in most cases was equivalent to number of different ireno constructs 
tested. 

* The value for cattle includes both fetuses and live born calves. 

' Eleven thousand two hundred and six eggs were microinjected and cultured One thousand and 
eighteen developed to morula or blastocysts and were transferred into recipient cow? 



Even after the one in 33 to one in 150 injected and transferred eggs results in 
a transgenic animal the ^icien<^otoh#^ 

^bpUf Half 6f lt¥Knsg§nw s lrnes, though some specific transgenes are expressed in a 
oigher proportions (15 °7). If a founder expresses its transgene. so do its transgenic 
^>flspf ing. It isjiot.cleattwhy some transgenes are expressed in all lines *iud-others te 
in only half the lines. Transgenes are sometimes activated in unintended tissues 
(ectopic expression), and timing of expression can be shifted relative to 
development. Our la ck of understandin g of essential genetic control elem ents makes 
it difficult to design ...lsgenes with ptedictable behavior. The abbarent expression 
^patterns (nojgfr jWffessio ip^ in some linese of transgenic 

animals has been attributed to the so-called -^position effect." If a transgene lands 
near highly active genes, the transgene's behavior maybe influenced by endogenous 
genes. Other transgenes may locate in transcriptionally inactive (heterochromatm) 
regions. The transgene may function normally or be completely silenced by the 
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hctorochromatm. It is likely that both of these factors (position effect atidl 
unidentified control elements; contribute to lack of transRcnc expression in some] 
lines and variable expression in other lines. Some of these problems will be obviated! 
by use of "boundary" DNA sequences that block the influence of surrounding genes] 
(34,43). Refining transgenic technology for farm animals will remain a challenging] 
task in part because experimentation will often have to be conducted in the species! 
of interest. That is because transgene exp ression and the physiological 1 
consequences of tra nsgene product s in lives tock are not always accurately predicte d J 
Tn inumgenlc mouse studies ( 28, 4oT ' 

Transgene transmission. 

Because founder animals are usually single integrant hemizygous for the 
transgene, one would expect 50% of their offspring to inherit a copy of the transgene 
locus. This is true for about 70% of transgenic founder mice (49). The remaining 
founders either do not transmit transgenes to their offspring or transmit transgenes 
at a low frequency (52,53). It is commonly thought that the non-Mendelian 
inheritance is the result of transgene mocasicism in germ cells. This could be caused 
by late integration of transgenes during embryonic development (GO. It has been 
proposed that non-Mendelian inheritance patten. s can also be caused by diminished 
fertilizing ability of transgene bearing sperm (17). The latter explanation may be a 
specia! case, because the thymidine kinase gene used in that study was 
inadvertently expressed in testes. 

. . Potential solutions for improving efficiency 

Testing Transgenes. 

Because the "rules" for transgene design are still vague, it is important, to 
have a reliable system for testing gene constructs. The most cost effective method of 
characterizing the performance of a transgene is cell culture transfection studies. 
Unfortunately, such studies have a low predictive value (50). The next most cost 
effective method for testing gene constructs is production of transgenic mice, which 
as mentioned above do not faithfully predict a transgene's performance in livestock 
species. Nevertheless, a reasonable amount of useful information about transgene 
function can be derived from transgenic mouse studies. Currently, the only 



approach that yields truly informative data is testing transpenes in fche livestock. 



species of interest. T his is obviously an unsatisfactory', time consuming, expensive 
testing^ption. Ooe alterative approach that we are exploring is based on the fact 
that transgenes will function after being "shot M into somatic tissue. We have been 
focusing our efforts on the mammary gland, but almost any target organ should be 
amenable to this approach. We have recently demonstrated that both RNA and 
protein (Tan be detected following introduction of transgenes into sheep mammary 
tissue, in situ (22?3?)rOrice ~we confirm that "-gene-gunned" transgenes function as 
they do in transgenic animals, this approach should dramatically reduce the costs 
and time of evaluating gene constructs 
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Improving Integration Frequency 

From Table 1 it is clear thai integration rales arc lower lor livestock >pecies 
than for laboratory animals. Egys of livestock species are more difficult lo 
microinject than eggs of laboratory animals However, competent microiniectors ran 
reliably inflate pronuclei with DNA-coniainmg solutions. Furthermore, integration 
problem occurs after the transgene is deposited. But timing of microinjection may 
contribute to differences in integration efficiency. It is thought thai iransgene 
integration occurs during DNA replication (2). so it would be advantageous to 
microinject before or during early S-phase pieccding the first mitotic division For 
the most part that is when laboratory animal eggs are micromjecled. but 
microinjections are apparently performed during late S-phase or later in livestock 
species (for a full discussion see (63)). Efforts to inject in vitro fertilized bovine 
zygotes early have failed because of difficulties in visualizing pronuclei (K Bondioh. 
personal communication and unpublished data). Efforts to synchronize 
microinjection and S-phase in bovine zygotes have thus far not been fruitful <21) 

One way to insure that 'he iransgene ■ in place before the firM mitotu S- 
phase is to introduce the transgene at fertilization That could be achieved by 
sperm-mediated gene transfer (-1.38). Notwithstanding the controversy this 
approach has generated (8). it clearly represents an intriguing method that show- 
some promise (57). Accumulating evidence <u ;gests that sperm of several -pe«*i«- 
can bind transgenes ( 1 1732.31). (18) and carry the genes into oocytes \vh<r<- in -oni.- 
cases the gene persists (4.12.31). However it appears that in almosi ill .a-<--. » he 
transgene DNA Incomes rearranged or otherwise mutated by the proo*-< ■* ht.i I > 
Spadafora. pei -onal . communication}. Another potential sperm has^i - d<-!iv..-ry 
approach has been foretold by a pioneering study conducted by Ralph BrmM<*r . » 
In that study, transplanted >permaiognmal cells generated <p<;rm .-apabl" 
fertilizing oocyte- and offspring wen* produced. If a means is tound t-i - ultur • 
transfect and select spcrmatagoma with transgenes. Brin.siers 1 1 *an>piaai .itu»n 
scheme could he used to produce transgenic animals. Others have proposed hr« * tly 
transfect ing testes as a means of tran>lormmg sperm i'ii>). 

Retroviral-mediatcd gene transfer is also a potentially alternative ajtpn.e.h 
for introducing transgenes into embryos with high efficiency <2M.3ti». Though the 
technique ^ojves^ the low jnteeration frequency problem, it creates othoi; 
inefficiencies by generating mosaic'foundei s that nviy not transmit their t ran -gene. 
Furthermore retroviruses can carry only a limited amount of exogenous DNA and 
therefore the technique limits the size of transgenes. If cDNA based transgenes. 
which are relatively short, were efficiently expressed, the transgene size ic>tnction 
would not be. a >iLM\ificiHi^iioblcm ? How<*v<*r. -many-cDNA based gene con-trv: « - -nv 
poorly expressed in transgenic animal- (<i(i) 



BEST AVAILABLE COPY 



64 



Theriogenology 



Selection of transgenic embryos 

«,h,, n0 , 0b ?° US " r ,mmcdi » l ° * ol "<"'n for .mprovme ,niegr;u,<,n fn quencv 

what else can bo done to increase efficiency of producing transgenic l.vestock? One 
of the mos widely discussed approaches ,s selection of transgenic embryos before 
they are transferred to recip.ents (1.14.35.46). If transgenic reimplantation 

exllZ .„ n n T^' rec, P ,ents reo - uired «uM be greatly reduced. For 
tr^£ A ^ Bond,ol ' s ((30). Table 1). 1.018 bov.ne embryos were 

transferred mto over 1000 cows resulting , n seven transgenic calves and fetuses If 

ZJr^tT? had , been r ^ S,bk fCWe: - tha " 20 re ^' ents — " ^ve been 
work In "; f0rtUM ^. 1 m » l » ti "B ™*™<* suggests that this approach w.ll not 
cukur.1 tn tl V fl ery l| Slni,,ar stud,es < 10 -"> microinjected mouse embryos were 
traiZ J ». l^f Stage - and b,astome "* were isolated and analyzed for the 

morgan 4 U , ^ ^ (10) n0Be ° f ^ 8 ~ U embry ° S had 

uZ^ne JJJ r/ WC ? eCU,ate that immed ' a "'>' upon microinjection. 

eveS v > f ° rm T hl c ° Py C ' rCU,ar arrays 0ne of these may 

Zh t ^ 6 "^grated, while the r.on-mtegrated arrays segregate as 

Zl b?asto m r mereS formed - If mtGgrat,0n ° CCUrs after the oJcoll .ige 
Th? o^ eS , may n0t C ° ntain an arrav ' even tkou S h the em °"o is transgenic 

The converse is also possible (all blastomeres acquire arrav, but none mtegraTet 
Analysis of embryo biopsies could therefore be .msleading. ' iterate). 

e *nr«^° th r r SCh ! mC r. r se,ectin e transgenic embryos before transfer ,s based on 
from Z 3 Sele , C,ab,e marker -"^a,ning transgene. The prelimm.uv ,,sul> 
from two recent stud.es (3.60) appear to be promising. In both s.udic*. ..ansgenc 
S" 6 a "eoniycn resistance gene (neo) were rmcroinjected ,nto pronucL of 
mtee (60) or bovme (3) embryos. The embryos were then cultured ,n the presence of 
neo / n T yCm 3na > m h ° Pe ° f k,,Hn e embr >™ ^at did not ,xpr,- the 
tinsSr T th ' S aPPf0aCh " baSed ° n ^ne expression and because 

tmnsgenes can be expressed without being integrated, embrvos containing 

sTni c^fi TT the „ trans ^ ne ««" — ,ve the selection process. Howe", 
n^n interferes w.th protein synthesis, the blas.omeres that expressed the 
Z VlZ ^ 3 devel °P mentaI advantage over t!.,se that did not Therefore 
Sli^TE? eXp r reSSme the neo eene might divide more rap.dlv and have a 
f£SL?2 J r ''Vi P art T atin e formation of the inner cell ma** ,4. 

Further stud.es w.11 have to be conducted to determine if this scheme has me.it. 

In The Future 

thp ^If f °u gCne tranSfer arC m hand ' a,beit the P rocess « '"efficient. Over 

„^H? 6 f b, T aC ^° r and xen °e«-aft mdustr.es will mature and useful new 

rtr^r*^^ 0 ^ 05 * produc,s ^ ^ <^»°^ 

tLZ P u SK Te T rCh fr ° m conventlonal sources becomes ...creasmglv 

hm.ted. Researchers will need to develop a bettor understand,,^ .,f h «w 
mammalian genes are controlled, and .denufy key genes ,n regulator pathwavs of 
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phenotypic characteristics that arc to be altered to bring the fruits of this 
technology to animal agriculture. There is a serious need to transfer transgenic 
animal technology from a few practitioners to many more laboratories worldwide. 
Progress in the field will be limited as long as the capabilities to explore this 
potentially powerful tool is only in the hands of a few. To entice other scientists, 
the efficiency of producing transgenic farm animals will have to be improved. But 
the horizon looks bright. Many recently trained animal scientists are now equipped 
with the knowledge and technical skills needed to advance this technology. 
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During my literature search for alternative promoters that could have been used to drive 
MMP-13* instead of the type II collagen promoter I discovered the CD-RAP/MIA gene 
(I). Note, CD-RAP and MIA are the same gene. 

The CD-RAP protein, also referred to as the cartilage-derived retinoic acid sensitive 
protein, is expressed throughout chondrogenesis and is co-expressed with type II collagen 
mRNA (2). Specifically, expression of CD-RAP was shown in 1 1 .5 to 16.5 day old 
embryos via in situ hybridization to coincide with the type II splice form of type II 
procollagen mRNA that is found in articular cartilage. Therefore, the CD-RAP promoter 
would be a good substitute for the type II collagen promoter. Moreover, the promoter 
region of CD-RAP shares several potential regulatory domains with the type II collagen 
promoter. 

1. Dietz, UH., Sandell, LJ. (1996). Cloning of a novel retinoic acid-sensitive cDNA 
expressed in cartilage and during chondrogenesis. J. Biol. Chem. 271: 331 1-3316. 

2. Bosserhoff, A.K., Kondo S., and 7 others. (1997). Mouse CD-RAP/MIA Gene: 
Structure, Chromosomal Localization, and Expression in Cartilage and Chrodrosarcoma. 
Developmental Dynamics 208: 516-525. 
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mil chromo*oi> i the XX ^crmJiac, 
a BD-cnuxJed t. ; ntor ( BD imprint- 
er) activity on ti AernaUy inherited 
chromosome is required to 'prime* the 
paternal chromosome via an interac- 
tion at exon 1 . This makes the chromo- 
some accessible to a trans- acting factor 
specific to the female gcrmline that 
results in the chromosome acquiring a 
maternal epigenotype. In their model, 
the maternally inherited chromosome 
retains the maternal epigenotypc. In 
AS lineages, the mutant BD-imprintor 
on the paternal allele would not oper- 
ate; thus, the rraMS-acring factor would 
not have access to the 'unprimed' 
paternal chromosome, so a maternal 
epigenotype switch could not be 
acquired. It is, however, more difficult 
to explain maternal to paternal switch- 
ing in the XY gcrmline. The authors 
suggest xhit in the absence of the tram- 
ncting factor, the paternal epigenotypc 
is retained on the paternal chromo- 
some and that, even in the absence of 
BD activiry, ihe maternal chromosome 
acquires the paternal epigenotype by 
default. This has implications tor exon 
I function in the XY germline in PWS 
lineages where exon I mutation on the 
maternal chromosome fails to allow 
the acquisition of the paternal epigeno- 
type. This suggests that exon I is 
required for this default activity. 
Another possibility however, is that in 
PWS, failure of imprint erasure may be 
occurring and that exon l may be 
involved in the erasure process, and 
this makes a single step switch less like- 
ly than one that involves both an 
imprint erasure and a gerrnlinc-spccif- 
ic resetting. 



In (he niouH', some cvidciur is 
for a mechanism involving bo|i. : 
sure and re-establishment of ./ 
imprints in the gcrmline 17 : Snrpn is 
biallelically expressed in germ cells of 
both male and female mice 11 *. If exon 1 
is required for first erasing the imprint, 
one could invoke a two-step model 
(sec Fig. 2 for modified model of that 
proposed by Dittpch et al.) in which 
erasure occurred, then biallelic BD- 
imprintor activity necessary for acqui- 
sition of the maternal epigenotypc in 
the XX germline, would take place. 
Absence of BD activity would then be 
required for the paternal epigenotypc 
in XY germlines. In PWS, exon 1 
mutations could not erase imprinting, 
regardless of whether they axe in a male 
or femafe germline — however, for 
maternally inherited mutations in a 
XX germline, this doesn't matter as 
they will always have the appropriate 
maternal epigenotypc. In the XY 
germline this will lead to the inability 
to switch. While in this case a mater- 
nal-specific tains-acting factor is not 
required, a means to regulate BD activ- 
ity in an XX germline specific manner 
must be assumed. The paternally 
inherited chromosomes can later acti- 
vate BD transcripts in the tissues of the 
tctus. whereas they remain silent on the 
maternally inherited chromosome. 

Conclusions j-^j*^^ 
Taken together, the studieyofiMaada ei 
al and Dittrich W^fifeus o^^tfen- 
tion on the clustered organisation of 
imprinted genex into large domains 
and the significance this organisation 
may have on both functional and 



ineChuniMii. j*pcCI* wt gciUMHu.-. 

imprinting. BWS, AS and PWS now 
show some common features, such as 
mutations in the key germline events, 
mutations in regional control, and now 
for BWS, mutations in an individual 
imprinted gene. Mutations in an indi- 
vidual gene are also supected for AS 
because IC mutations and UPD arc 
rare 1 5 . As a result, the whole process of 
genomic imprinting can be dissected at 
many different levels and shows 
promise for understanding how (and 
maybe even why) these mechanistic 
and functional controls affect pheno- 
type. Much is being learned from 
human genetic analysis, but it is clear 
that further experiments in the mouse 
must be carried out to test the efficacy 
of the models these studies continue to 
generate. ~ 
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For almost 15 years the methods for 
making transgenic mammals have 
remained virtually unchanged, con- 
sisting or* the injection of naked 
DNA into the pronucleus of a fertil- 
ized egg. The technique is so reliable 
that the technical shortcomings can 
readily be circumvented by produc- 
ing an excess of experimental male- 
rial sojhat animals with the desired 
experimental outcome can be select- 
e d^ fro n-L_a collection of founder 
jnTcc^ Several recent reports, how- 
ever, utilize methods for expressing a 



\transgenc in embryonic stem (ES) 
cells instead of direct zygote injec- 
tion as an alternative — and some- 
times the only — means for 
'analysing gene expression in mice. 

Injection of DNA into a mouse 
zygote pronucleus has two pre- 
dictable outcomes* namely that the 
DNA will concatameriie (head- to- 
tail) and that it will integrate into 
the genome 2 . Herein lie several of 
the variables with the method, first, 
the integration site of the DNA is 
unknown — and the insertion site 



can strongly influence the expres- 
sion of the integrated DNA. Second, 
the number of integrated copies of 
the injected DNA will vary widely, 
and this can affect transgene expres- 
sion. Third, for a transgene to reca- 
pitulate faithfully the expression of 
the endogenous gene, it is essential 
that all of the appropriate positive 
and negative elements of the gene 
arc present. Since the position of 
these elements vary, trial/error is 
required to identify them so that 
they may be included as a compo- 
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nent of the transgcne; elements that 
are located a great distance from or 
are within a large gene are particu- 
larly difficult to identify 3 . 

The increasing acceptance of ES 
cells as an efficient and alternative 
genetic vehicle for transgcne expres- 
sion has begun to facilitate experi- 
ments not possible by direct zygote 
injection and to remove some of the 
uncertainty regarding the expression 
of transgencs. Although ES cells 
have principally been used to estab- 
lish loss-of-function mutations 
<gene knockouts), the use of ES cells 
tor transgenc expression pre-dates 
gene* targeting in ES cells 4 . These 
decade-old experiment established 
one of the innpo riant advantages of 
ES cells for transgene expression — 
namely that if expression causes a 
dominant lethal phenotype (making 
it impossible 10 obtain such mice by 
zygote injection J, useful expression 
data could still be obtained because 
the Transgenic cells are usually res- 
cued in a chimaera. Moreover, 
germ-line Transmission of the trans- 
gene is not required because a 
cohort of animals for experimental 
analysis can be rapidly generated 
from the same ES cell clone by 
repeated blastocyst microinjection. 

< 



In a recent paper by Corral cr<j/.*\ 
the classical' experimental approach 
of generating and analysing chi- 
maeras was used; however, in this 
instance, the ES cells were modified 
to express a fusion gene. Fusion 
genes were first used in ES cells as a 
means to select for targeted clones 
(see Fig. \a) in the days when 
homologous recombination was 
believed 10 occur inefficiently*. In 
the Corral ex al study the precision 
of homologous recombination was 
used to generate an in-frame fusion 
by targeting the 3' half of human 
AF9 to the Mil locus. In this way the 
Af 9 gene was brought under the 
transcriptional control of the Mil 
locus and this mirrored the MU-AF9 
fusions found in human leukaemia. 
Descendants of these ES cells con- 
tributed widely to the chimaeras> 
and these animals developed 
leukemic confirming the functional 
significance of the MU-AF9 fusion in 
human disease. Another type of 
fusion gene was generated between 
p-galactosidase and Mil facilitating 
the analysis of both the expression of 
the Mil locus and the subcellular 
location of Mil fusions 6 . The target- 
ing of (3-gaJactosidase coding 
sequences is an excellent way to 
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Fig. 1 a, UUi2tng position enacts io study gene expression, whereby targeted iransgenes (including fusion 
genes and gene femity mcmDers) mirror expression of the endogenous gene. £>. Controlling transgene position 
effects using selection of integration loci ana copy number in ES cells, c. Controlling transgenc poat«on effect* 
with baCs and YACs. 



define the expression patterns of a 
gene. The widest use of this method 
has been in gene trap experiments', 
where p-galactosidase expression has 
been used as a means to identify 
genes with 'interesting* patterns of 
expression 8 . While {5-galaetosidase is 
being widely used as a reporter gene 
for expression analysis, green fluo- 
rescence protein (GFP) provides a 
potentially attractive alternative 
because expression may be evaluated 
in living tissue. Additionally, site- 
Specific recombinases (such as FLP 
and Crc) represent another type of 
gene product that will almost cer- 
tainly be targeted to many differ ; 
loci for the purposes of generating 
tissue-specific knockouts*. 

Targeted transgenes are beginning 
to be used for purposes other than 
expression analysis. One elegant use 
of this system has been to determine 
whether different members of gene 
families are capable of functional 
compensation (Fig, 1**). During evo- 
lution gene family members dive' ;c 
both with respect to nucleotide com- 
position and to temporal/spatial pat- 
terns of gene expression. At some 
point the two genes will be suffi- 
ciently divergent that one can no 
longer compensate for the function 
of the other — but is this the result 
of sequence divergence or differences 
in expression pattern or both? This 
type of question has recently been 
resolved for two pairs of ger^s 
(engrailed 1/2 and myogcnin/tv.yp) 
by targeting one gene to the locus of 
its homologue and observing rescu: 
of a knockout phenotype 10 * 1 

There are some situations where 
the ci< elements required for tissue 
specific expression have been rela- 
tively well characterized. Under such 
a circumstance targeting a transgcne 
to another locus can be considered 
an unnecessarily elaborate cxper- 
mcntal protocol compared with 
pronucleur injection. However, with 
injection, the copy number and 
integration site remain as significant 
variables. This type of unpredictabil- 
ity can be avoided by using ES cells 
as the genetic vehicle. It ts possible to 
prescrcen transfectants for the 
desired copy number or to deliver 
the transgenc to a defined locus I-; 
homologous recombination (Fig. 
1 b). In a recent paper by Bronson ci 
aL l \ the use of Hprt as a locus for 
transgene integration was described. 
The Hpn gene was actually the first 
locus to be mutated in ES cells 13 and 
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established as a mouse strain via F.S 
Cell technology; and. like many sub- 
sequent observations on knockout 
iiuce, the phenotype was not pre- 
dicted: the mice {unlike humans) 
were not dramatically affected by the 
absence of Hprt function. Given that 
both loss- and recovcry-of- function 
mutations in Hprt can be directly 
selected in XY ES cells in culture, 
selection for gene targeted events is 
readily achieved. In the Bronson et 
nl. study, the £S cell line carried a 
mutant Hprt allele that is restored by 
gene targeting. The Hprt locus is not 
the only choice for this type of 
experimental strategy, and many 
transgenes must be examined in 
detail bctorc it can be concluded 
that :hc regulatory elements in the 
Hpnlocui do not influence trans- 
gene expression. Given that LoxP 
sires have been targeted to many loci 
in the mouse genome, these alleles 
are likely to be evaluated as possible 
preferred integration loci for trans- 
genes, using Crc co stimulate site 
specific integration. 

One disadvantage of targeted 
delivery of transgenes to specific loci 
is si2e limitation. Thus the trans- 
genes generally need to be exception- 
ally well characterized with respect to 
as elements required for appropriate 
temporal, tissue and spatial expres- 
sion. As an alternative, non- targeted 
delivcn- of large DNA fragments can 
be used since these are usually rela- 
tively inert to position effects. The 
methodology for constructing trans- 



genics with VACs and PI BACs is 
now firmly established (Fig. Ic). 
Because of the large physical sire of 
these vectors, they usually contain 
most if not all of the regulatory ele- 
ments of the gene of interest and 
consequently, expression is usually 
integration site independent. From a 
technical perspective transgene deliv- 
ery is simple and may be accom- 
plished by direct pronucleur 
injection of zygotes or ES cell lipofcc- 
tion M . ES cells offer the advantage 
that a few selected transfectants may 
be analysed from a larger set of inde- 
pendent integration events. From a 
genetic perspective, large transgenes 
facilitate study of the effect of gene 
dosage, given that genes expressed 
from large transgenes are frequently 
copy number dependent as well as 
integration site independent 15 . 

The richness of the repertoire of 
the genetic modifications that can 
now be established in the mouse 
germ line via ES cells is impressive 
and will only increase. Although 
most mutations have been generated 
on the 1 29 genetic background, the 
availability of £S cells from other 
strains such as OB A 16 (see page 223} 
will facilitate the choice of the most 
suitable inbred background for phe- 
notypic analysis. Moreover, generat- 
ing the same genetic lesion in two 
different backgrounds will enable 
the identification of enhancer/mod- 
ifier loci. In the future it is likely that 
gene targeting will be surpassed by 
an increase in the number of high- 



throughput procedures of gene dis- 
ruption to define gene function. On 
the gene discovery side, chromoso- 
mal changes 17 arc being engineered 
for the purposes of phenotype dri- 
ven screens, and complementation 
of recessive mutations by YACs and 
BACs will replace large mouse cross- 
es to finely map genes. The challenge 
with £S cells is no longer technical 
but resides where it should, in one s 
ability to ask the right question. ES 
technology is intoxicating, and we 
should all satisfy our thirst. <Z 
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Mammalian nuDNA has provided a 
wealth of interesting molecular puz- 
zles since its discovery almost 30 
years ago. Among these are its dis- 
tinctive modes of replication and 
expression, its use of a modified 
genetic code, the unorthodox fea- 
tures of its transcripts and the 
un predicted existence of phagc-like 
mitochondrial polymerases 1 . It has 
been known for some time that 
although mammalian mtDNA likely 
exists at high copy number in most 
cells MO 3 - If) 4 copies/cell), each 
individual in a given species is essen- 
tially homoplasmic for mtDNA 



(that is, virtually all of an individ- 
ual's mitochondria have the same 
DNA sequence); any mtDNA 
sequence variation in normal indi- 
viduals is localized primarily to the 
displacement-loop control region 2 . 
However, mtDNA sequence varia- 
tions between individuals are clearly 
prevalent, and the presence of such 
polymorphisms has provided a basis 
for classifying human populations 
and their evolution, and has also 
provided a tool in forensic studies 
for identification of individuals. 

A central question surrounding 
mammalian mtDNA segregation is 



how to explain the rapid selection 
of mitochondrial genotypes 
observed in pedigree analyses in 
different mammalian species; a 
change in mtDNA sequence in a 
pedigree generally can be seen to 
occur within a single generation in 
humans. The two favourite 
hypotheses that have been 
advanced to explain this phenome- 
non focus on mtDNA replication 
and on possible physical partition- 
ing. If early in embryogencsis or in 
the female germline (mammalian 
mtDNA is maternally inherited) 
there was selective amplification of 
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Longitudinal sections through the hind knee joints. (A.) Age match litter mate 
control and (B.) line 6 removed from Dox. (C.) synovium of an age matched litter mate 
control and (D.) synovium of line 6 removed from Dox. Abbreviations: L, lesion; AC, 
articular cartilage; AG, angiogenesis; IH, infiltration hyperplasia; BM, bone marrow; and 
PL, patella ligament. 



BEST AVAILABLE COPY 



